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BATTERY MODULLE, PACK OF MODULES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Phase Entry application of
International Application No. PCT/EP2008/051287, filed

Feb. 1, 2008, which claims priority to French Application No.

07 00827, filed Feb. 6, 2007; both of which are incorporated
by reference herein.

BACKGROUND AND SUMMARY

The invention concerns a battery module, having recharge-
able and dischargeable electric energy storage cells.

One area of application of the invention 1s power batteries
such as for example those used as power source to drive a
traction motor drive 1n electric vehicles. Evidently, the battery
module may have other applications, e.g. for the powering of
fixed apparatus. These applications to power batteries make
use of lithium-metal-polymer cell technologies for example.
In a module, the cells are connected between two external
connection terminals. A battery may, for example, consist of
several modules having their connection terminals connected
1N series.

From document EP-B-998 778, a battery 1s known which
contains a main computer controlling modules via a commu-
nication infrastructure during charging and discharging
operations. Each module 1s able to operate 1n network mode
or stand-alone mode. A module changes over from network
mode to stand-alone mode 1n response to absence of commu-
nication connectivity with the main computer.

One of the problems found with each battery module 1s the
ability to adapt to the different environments encountered
throughout 1ts lifetime. In particular, 1f each module com-
prises a communication inirastructure, 1t must be possible to
use this infrastructure in different environments to avoid hav-
ing to provide for a communication infrastructure per envi-
ronment.

More generally, one disadvantage 1s that the use of the
battery by different users throughout the product’s lifetime 1s
based on different material and software architectures, and
leads to successive context changes which are cumbersome
and detrimental to the reliability of the system. Whether the
architecture is single-module (research and development, all
low-voltage applications), networked multi-module (produc-
tion or maintenance operations, world of industrial automa-
tion) or modules 1n series (high-power high-voltage applica-
tions, automotive applications), the embodiments chosen for
the module in the different environments can lead to different
systems which are dertved from different technologies and
are incompatible.

Additionally, despite the envisaged specialization, some
clements common to the systems will subsist such as minimal
operating and safety constraints, minimal characteristics to
obtain from the end product, single form of battery module
consisting of a fixed number of cells. Specializing a battery
module, by providing for embedded equipment varying from
one module to another, soon comes up against a dead-end.
This specialization effectively assumes penalizing immobili-
zation of the battery module or battery, management of the
supplies of the different equipments, provision for manage-
ment of the technical status of the set of batteries, the use of
production tooling particular to each area of application,
these all having prohibitive costs.

The 1nvention sets out to obtain a battery module which
overcomes the above-cited disadvantages and facilitates the
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2

utilization of one same communication infrastructure in dif-
ferent environments. For this purpose, a first subject of the
invention 1s a battery module comprising:

a plurality of rechargeable and dischargeable, electric
energy storage cells,

two external terminals for cell utilization,

a message communication infrastructure comprising at
least one communication access with the outside of the
module,

a module control unit, comprising a message processing,
unit, connected to the communication infrastructure to
send and recetve messages over the communication
infrastructure,

characterized i that at least two of the message systems
chosen from among;:

a first message system for cell characterization,

a second message system for cell forming, and

a third message system for utilization of a battery pack
comprising several modules connected via their user
terminals, when the pack 1s associated with a consumer
machine for the purpose of supplying 1t with electric
energy,

are provided 1n the message processing unit, which is con-
figurable 1nto any one of the message systems provided
thereupon for utilization of the communication inira-
structure.

Therefore, with the third message system, the communi-
cation infrastructure can be used by a machine or a consumer
equipment which needs to be supplied with electricity by the
cells. With the first message system, the communication
infrastructure enables dialogue with all the cell measuring
functions provided on the module, for example for the pur-
pose of diagnosing module status before the battery module
or battery 1s installed on the consumer equipment. Before
utilization of a module, the module 1s first subjected to a
forming operation of 1ts cells using a forming device. By
means of the second message system, the industrial logic
controller of this forming device enables use of the commu-
nication infrastructure to collect the data required for this
forming from the module.

According to other characteristics of the invention:

The module control unit comprises:
means to recerve information for on message system configu-

ration,

a permanent memory (32) to store the mformation on mes-
sage system configuration,

automatic configuration means for configuring its message
processing unit as per the message system corresponding
to the information on message system configuration
present 1n the permanent memory.

The automatic configuration means comprise means to poll
the value of the information on message system configu-
ration present 1n the permanent memory and means for
automatic selection of the message system correspond-
ing to the value indicated by this information on message
system configuration.

The communication infrastructure 1s of bus type, to allow
connection of the external access to a communication
bus.

The first message system comprises means enabling utili-
zation ol the module m a first material environment
comprising the following elements connected via their
message communication access to the commumnication
bus: a device to download message systems onto the
module, comprising means to send to the module the
information on configuration of the message processing
unit of the module as per the first message system, a
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charger connected to the module via a transport link
transporting charge electric current for the purpose of
charging 1ts cells with electric energy, a man-machine
interface to enable a user to send operating command
messages to the charger and/or to the module and to
receive from the charger and/or module the statuses
thereof.

It comprises means to measure the voltage and current of
the cells and the temperature of the module, the control
unit being able to send the measurements over the com-
munication infrastructure by at least one measurement-
sending message provided in each message system.

The message processing unit comprises means to receive a
message from the downloading device, conveying at
least one calibration parameter for the measuring means
in the second message system, and means to store said
calibration parameter 1n a memory.

The first message system 1s asynchronous.

The communication infrastructure 1s of bus type, to allow
connection of the external access to a communication
bus, the second message system comprises means
enabling utilization of the module 1n a second material
environment for cell forming, comprising the following
clements connected via their message communication
access to the communication bus: a plurality of modules
whose user terminals are not connected together, at least
one charger connected to the modules via at least one
transport link for transporting charge electric current for
the purpose of charging their cells with electric energy
and able to be placed 1n charge-on status or charge-off
status, a forming device to form the cells of the modules
comprising a discharge bank connected to the user ter-
minals ol the modules and able to be placed 1n discharge-
on status of the module cells or discharge-oif status of
the module cells, the forming device comprising means
to send a message of charge-on command to the charger
and of discharge-off command to the discharge bank and
a message ol charge-ofl command to the charger and of
discharge-on command to the discharge bank.

The message processing unit comprises means to produce
at least one message from among the following mes-
sages 1n the second message system:

a message from the module to the associated charger carrying
the charge setpoint to charge the module cells,

a message from the module to the forming device carrying the

statuses and alerts of the module,

the message processing unit comprises means to receive a
status message sent by the charger to the module, said
status message carrying the status of the charger and any
possible alert of the charger, to cause the module to tran-
sition to a safe fall-back position in the event of absence of
said charger status message or i1 said status message of the
charger indicates an alert or a voltage or temperature status
lying outside prescribed tolerances.

The second message system 1s in CANopen format.

The communication infrastructure 1s of bus type, to enable
connection of the external access to a communication
bus, the third message system comprises means allow-
ing utilization of the module 1n a third material environ-
ment for cell utilization comprising the following ele-
ments connected via their message commumnication
access to the communication bus: a plurality of modules
whose user terminals are connected together, at least one
charger connected to the modules via at least one trans-
port link transporting charge electric current for the pur-
pose of charging their cells with electric energy, a super-
visor ol the consumer machine.
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4

The message processing unit comprises means to produce
charge setpoints for 1ts cells, 1n the third message sys-
tem, mntended for a charger.

In the third message system, the module 1s able to be
configured as master module or as slave, the message
processing unit of the module configured as master mod-
ule comprising means to send command messages to the
other slave modules, the message processing unit of the
module configured as slave module comprising means
to carry out command messages from the master mod-
ule.

The module being master, the message processing unit
comprises means to produce at least one message from
among the following messages 1 the third message
system:

a first message sent {rom the module to the supervisor sending
at least one of the data 1tems from among the status of the
battery pack, the total voltage of the battery pack, the level
of the battery pack, a maximum permitted discharge cur-
rent and a maximum permitted cell regeneration current,

a second message for sending at least one alert from the
module to the supervisor,

a third message for sending from the module to the supervisor
the value of the current supplied by or absorbed by the pack
and/or the value of the maximum temperature of the pack.
The module being master, the message processing unit

comprises in the third message system a means to
receive a fourth message for sending from the supervisor
to the module at least one of the following;:

an alert acknowledgement,

a consumption request, causing transitioning of the pack
modules to active mode, and when the modules of the pack
have changed over to active mode, the sending by the
module of a transition-to-active-mode message to the
supervisor for authorizing functioning of the consumer
machine,

a request to place the modules of the battery pack on standby,

a request to shut down the modules of the battery pack.

The module being master, the message processing unit

comprises means to transmit a synchronization frame

for the messages of the modules 1n the third message
system.

I'he communication infrastructure 1s of CAN bus type.

The messages of the first, second and third message sys-
tems have as order of priornty for transmission on the
bus:

very high priority for the message transmitting information
on message system configuration,

very high priority for transmission of a synchromization frame
by the master module,

high priority for transmission by the modules of alerts, data,
setpoint to the charger,

high priority for transmission by the charger of a fault mes-
sage or status message,

high priority for transmission of commands from the master
module to the slave modules,

low priority for transmission from the master module to the
supervisor of first second and third messages,

low priority for transmission of the fourth message from the
supervisor to the master module.

The mvention concerns also a pack of several battery mod-
ules according as described above, characterized 1n that the
communication inirastructures of the modules are connected
to a commumnication bus for the transmission of the messages.
According to other characteristics of the imnvention:

The user terminals of the modules are electrically con-

nected together to utilize the battery pack, only one of
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the modules 1s configured as master module, whereas the
other modules are configured as slave modules of this
master module for the messages of the third message
system, so that the slave modules transmit or receive
their messages of the third message system via the mas-
ter module.

Each module comprises means to produce data on the
functioning of the cells of the module, the master mod-
ule comprises means to transmit a synchromzation
frame on the bus so that the modules transmit their
data-carrying messages on the bus at prescribed times
different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood on reading the
tollowing description given as a non-limiting example with
reference to the appended drawings 1n which:

FIGS. 1, 2 and 3 respectively illustrate first, second and
third environments of a battery module according to the
invention;

FI1G. 4 schematically i1llustrates a battery module according
to the invention;

FI1G. 5 schematically illustrates a graphical exemplary con-
figuration 1nterface for a message system 1n one of the envi-
ronments of FIGS. 1, 2 and 3;

FIG. 6 schematically illustrates another graphical exem-
plary interface for a message system configuration in one of
the environments of FIGS. 1, 2 and 3;

FIG. 7 schematically illustrates exchanges of messages
between the different elements of a first message system;

FI1G. 8 1s a table of the occupancy of a time synchromization
frame by different modules along the abscissae X-axis, time
being represented along the ordinate Y-axis;

FI1G. 9 schematically illustrates the electric circuit used in
the second environment; and

FIG. 10 schematically illustrates one embodiment of a
charger intended to cooperate with a battery module accord-
ing to the mvention.

DETAILED DESCRIPTION

First, a general description 1s given below of a battery
module.
Battery Module

FI1G. 4 shows a battery module ME according to the inven-
tion which, between two first external user terminals 23, 24,
comprises a number m of identical cells 10 1n series, which
are rechargeable and dischargeable, and a control unit 20
controlling 1ts own cells 10. This control unit 20 may, for
example, be 1n the form of a printed electronic circuit board.

In one embodiment, the cells consist of an assembly of
films, e.g. i lithium-metal-polymer. The total thickness of
these films 1s less than 300 micrometers and for example
around 1350 micrometers. The nominal operating temperature
of the cells 1s higher than 20° C., e.g. 90° C. for lithium-metal-
polymer technology.

A battery or battery pack can consist of one or more mod-
ules ME connected via their user terminals 23, 24, some or all
of the modules ME possibly being 1n series or parallel to each
other via their terminals 23, 24. If several modules ME are
provided, the charge circuit of these modules ME may, for
example, have a single charger for all the modules, or one
charger per module. Therefore, 1n the remainder hereof, 1f
several individual chargers CHG are provided, each associ-
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ated with a different module ME, these individual chargers
CHG may be replaced by a single charger CHG for all the
modules.

In the embodiment i1llustrated F1G. 4, the module ME com-
prises one or more electric heating members or plates 33 to
heat 1ts associated cells 10 to their nominal operating tem-
perature, for example having first and second heating mem-
bers 33 1 two different first and second regions: a first wall
region and a second central region. Each heating member 33
1s 1n series with a heating switch 34 whose opening and
closing 1s controlled 1n heat regulation phases by a unit 100
described below to cause the heating or non-heating of the
cells by the member 33. Additionally, a protective thermal
fuse 35 1s provided in series with the member 33. Also, the
module ME 1n 1ts unit 20 comprises a unit 235 to measure the
voltage at the terminals of each of 1ts associated cells 10, at
least one umt 26 to measure the temperature of the module
and a umt 28 to measure the current of the cells 10. For
example, units 26, 27 are provided to measure the tempera-
ture of the module 1n the different heating regions, e.g. a unit
26 to measure temperature in the outer wall region of the
module and a unmit 27 to measure temperature 1n the central
region of the module. The measurements of voltage, tempera-
ture and current of units 25, 26, 27, 28 are sent to the computer
and control unit 100 of unit 20, comprising a microcontroller
for example. Unit 100 1s provided with a RAM memory 31
and a permanent back-up memory 32, for example of
EEPROM type.

In addition, the module comprises a communication inira-
structure enabling the control umt 100 to communicate with
the outside. This communication inirastructure 1s of a pre-
determined type, 1dentical for the modules of one same bat-
tery. The communication inirastructure of each module com-
prises an access 29 to outside, which 1s intended to be
connected to an external communication bus B of pre-deter-
mined type, to exchange information on this bus B with other
entities which may be battery modules of other devices. In
FI1G. 4, this communication infrastructure of the module com-
prises signal conversion members 102, 103 connecting an
access 101 for transmitting/receiving signals from the unit
100 to the external communication access 29 of pre-deter-
mined type, to convert signals received on the external access
29 1nto signals compatible with the unit 100 which have to be
received on access 101 and to convert the signals transmitted
by the unit 100 from access 101 1nto signals of pre-deter-
mined type on access 29 for transmission to outside. The
pre-determined type ol communication infrastructure 1s
designed for example to connect the external access 29 to a
CAN bus, 1.e. amultiplexing network, the member 102 1n this
case being a CAN interface.

In addition, the module ME may also comprise a series link
connected to the control unit 100 via another access thereof,
not shown. This series link 1s of RS232 type for example. In
umt 100, for example 1n its permanent memory 32, different
first, second, and third message systems are stored, to be used
respectively 1n first, second and third environments of the
module ME, having different connection architectures to the
bus B which are described below.

Each of the three environments is first described below,
followed by a description of each of the three associated
message systems.

First Environment for Cell Characterization

FIG. 1 illustrates the battery module ME 1n the first envi-
ronment used for characterization of 1its cells C. This first
environment has an architecture 1n which the following ele-
ments are each linked via their access to the communication

bus B:
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Battery module ME whose unit 20 must perform the fol-
lowing functions, which are found in the other operating
architectures but with a network orientation:
local functions linked to the microcontroller and circuit
board supply,

acquisition and measurement of physical magnitudes of
the battery: voltage of each cell, overall voltage of the
module, current circulating in the module, internal
temperature ol the module 1n two defined heating
regions: peripheral region of the module or wall of
value T1 and central region of value T2,

thermal management of the battery: thermal regulation
via control of the heating members,

management of battery module charge and driving of the
charger,

operating safety and system alerts,

communication via bus B.

A charger CHG comprising output terminals for electric
connection to terminals 23, 24 of the cells of the module
ME, for their charging with electric energy via a charge
cable, as shown by the thick double arrow. To charge the
cells, the charger CHG must first ensure heating thereof
by the heating members 33 during an initial rise-in-
temperature phase until their nominal operating tem-
perature 1s reached, and then charge the cells during a
heat regulation phase at this nominal operating tempera-
ture 1n which the heating switches 34 are under open/
close control. Although mdependent for the security
aspect of operation, the charger functions as a peripheral
of the module ME and translates the setpoint recerved
from the module ME as a voltage on its output terminals.

A man-machine interface IHM to enable a user to send
commands, such as start and stop commands, com-
mands to display battery module status on a screen,

A device, designated PCMAP, allowing downloading onto
bus B of the programme(s) to be stored 1n the unit 100 of
the module ME {for 1ts operation.

This PCMAP device therefore allows downloading of the
first, second and third message systems onto unit 100 of the
module ME. The first message system M1 1s provided on the
module ME to exchange messages on the communication bus
B with the elements of this first environment, and 1s called the
cell characterization message system. In this first environ-
ment, the messages of the first message system are sent asyn-
chronously.

Second Environment for Cell Forming

In FI1G. 2, the battery module ME 1s shown 1n the second
environment used in the step for the fabrication process of the
cells 10, called cell forming. This forming consists of elec-
trochemical conditioning of each cell 10 which will impart
thereto the minimum characteristics required to ensure
energy storage. Forming of the cells 1s defined 1n a format of
a fixed numberm of cells (e.g. 12 cells). This second, forming
environment uses the functions of the module ME 1n the first
environment. This second forming environment has an archi-
tecture in which the following elements are each linked via
their access to the communication bus B:

several modules ME, namely n modules ME1 to ME
clectrically independent on their electric terminals 23,
24,

the n chargers CHG1 to CHGn respectively associated with
modules MFE1 to MEn and each conforming to the
charger CHG described above, each charger having a
charging link represented by the double arrow with 1ts
associated module,

a forming device FOR connected to terminals 23, 24 of the

cells 10 of module ME for the forming thereof. This
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forming device FOR comprises a programmable indus-
trial logic controller (industrial automaton) for example,
having a soitware driving the forming process. This
forming controller 1s connected to bus B and to a con-
figuration control unit COMFOR.

Forming corresponds to particular cycling of the cells and
1s controlled by the forming device FOR. In general, by
cycling 1s meant a succession of cell charging and discharging
cycles. In one embodiment, the charger CHG 1s supplied with
clectricity by a mains connection and has interrupt means
INTCH to cut off this supply whose position can be controlled
from a control access ACCINTCH. For charging, the charger
CHG 1s powered. For discharging, the power supply of the
charger CHG 1s cut ofl.

In the embodiment shown in FIG. 10, the charger CHG for
charging the battery module comprises:

output terminals SCH intended to be electrically connected
to the cells of the module,

means MCH to charge the cells with electric energy from a
prescribed electric supply ALEX'T as per a quantitative
charge setpoint CONSCH, the charging means MCH
being connected to the output terminals SCH and pos-
sibly having an input ECONSCH to recerve the quanti-
tative charge setpoint CONSCH,

an electric connection CXALEXT intended to be con-
nected to the prescribed external electric supply
ALEXT,

interrupt means INTCH between the electric connection
and the charging means, whose conduct and 1nterrupt
positions can be controlled,

a communication infrastructure INFCH comprising at least
one communication access ACCINFCH with the outside
of the charger, capable of receiving at least one message
MCH1 comprising a supply switching command COM -
INTCH and at least one message MCH2 containing the
quantitative charge setpoint CONSCH,

automatic control means COMCH connected to the com-
munication mirastructure INFCH to command the posi-
tion of the mterrupt means INTCH according the supply
switching command, either a conduct command to cause
charging or an interrupt command to cut off charging,
and to impose on the charging means the quantitative
charge setpoint CONSCH, for example by transmitting,
the quantitative charge setpoint CONSCH onto the input

ECONSCH to which the control means COMCH are
connected.

In the above-described embodiment, the communication

inirastructure INFCH of the charger 1s designed to be con-

nected to the bus B.

When being formed, the cells 10 of the modules ME are
connected to a discharge bank BD as shown on FIG. 9, this
discharge bank being absent in the first and third environ-
ments. This discharge bank BD, between two electric termi-
nals BRD1 and BRD2 for electric connection to user termi-
nals 23, 24 of the module ME, comprises a discharge
resistance RBD 1n series with interrupt means INTBD whose
position can be controlled from an access ABDINT. This
discharge bank BD also comprises an access ABDB con-
nected to the communication bus B.

The forming device FOR, via the bus B, transmits supply
switching commands to the charger CHG to cause 1t to tran-
sition to charging or to charge cut-oil. The forming device
FOR, via the bus B, transmits messages to the module ME
indicating whether the module ME 1s placed on charge or
discharge. The forming device FOR, via the bus B, transmits
to the access ABDINT switching commands for the interrupt
means INTBD so that the interrupt means INTBD 1s either
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closed to discharge the cells of module ME on resistance
RBD, 1n which the charger CHG 1s cut off from the cells of the

module ME, or the interrupt means INTBD 1s opened to
charge the cells of the module ME by the charger CHG 1n
which the resistance RBD 1s cut off from the cells of the

module ME. The commands for the members INTCH/AIL-

EXT and BD can transit via the bus B or via dedicated electric
links firstly between the forming logic controller FOR and the

interrupt means INTCH and secondly between the forming
logic controller FOR and the discharge bank BD.

In the forming architecture, the forming device FOR 1s the
master entity of the network, and the other elements ME,
CHG are slave peripherals. Forming of the cells causes the
modules to operate 1n a network, but independently. This
forming architecture, on the bus B, uses the CANopen pro-
tocol for example (developed by the users” and manufactur-
ers’ group CAN 1n Automation—Cia) which 1s a specializa-
tion of the CAN standard with a CAL application layer
(released as CANopen by the group CAN 1n Automation—
Cia) and 1s 1intended to allow 1ts use in compatible industrial
equipments. In the CANopen embodiment, the speed 1s 125
Kbaud for example.

The second message system M2 1s provided on the module
ME to exchange messages on the communication bus B with
the elements of this second environment, and 1s called the cell
forming message system. The second message system corre-
sponds to encapsulation of the first message system with
additional messages which are indicated below.

Third Environment for Cell Utilization

In FIG. 3, the battery module ME i1s shown 1n the third
environment, 1n which the module ME essentially supplies
clectric energy from its terminals 23, 24 to a consumer
machine VE e.g. a motor drive of an automotive vehicle, in
which the module ME 1is present. This third utilization envi-
ronment has an architecture in which the following elements
are each connected via their access to the communication bus
B:

several modules ME, namely n modules ME1 to ME
connected via their electric terminals 23, 24, to consti-
tute a battery or battery pack, whose two end terminals
23, 24 are connected to the machine VE by means, not
shown, so that the cells of the modules supply the
machine with electric current. The modules ME lie in
series Tor example, via their terminals 23, 24 for appli-
cation to the supply of a motor drive 1n an automotive
vehicle.

the n chargers CHG1 to CHGn associated with modules
MEI1 to MEn respectively and each conforming to the
charger CHG described above, each charger having a
charging link, represented by the double arrow, to 1ts
associated module,

a supervisor SVE of the consumer machine VE, this super-
visor SVE having a computer present on the machine
VE,

a device, designated PCMAP, allowing the downloading,
onto the bus B of the programme(s) to be stored 1n the
umt 100 of the module ME for 1its functioming. In an
extended version of this third environment, this device
PCMAP, 1n addition to 1ts version 1n the first environ-
ment, allows the following operations:
downloading, from the modules ME, via the bus B, of

the software present on the modules ME,
configuration of the battery pack: definition of the net-
work of modules ME1 to MEn (address, number of
modules ME, CAN communication speed, message
system) via the CAN bus oraseries link e.g. 0T RS232
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type, additionally provided on each module and con-
nected to 1ts unit 100 as 1s described below,

the sending of commands to the battery,

supervision of the system, reading, display and record-
ing of measurements made by the battery,

automatic control of cabling between the modules ME

and the chargers CHG.

This third architecture 1s organized around a dialogue
structure, master-slave and master-supervisor. One module
ME, designated MFE1 in FIG. 3, 1s master while the other
clements, except the supervisor SVE, are slaves thereof. To
communicate with modules ME1 to MEn, the supervisor
SVE communicates with the master module ME1, which then
communicates with the slave modules ME2 to MEn.

In one embodiment, the bus B 1s formed of a primary
communication network and a secondary communication
network. The modules are connected together by the second-
ary communication network, internal to the battery, e.g. of
CAN type 1.e. a multiplexing network. The master module
ME1 1s responsible for controlling the secondary communi-
cation network. For this purpose, each of the master and slave
modules comprises a communication interface with the sec-
ondary network. In addition, among the modules ME, solely
the master module ME1 comprises another interface with the
primary communication network with the outside, e.g. of
CAN type. The supervisor SVE and the chargers also com-
prise an interface connected to the primary network.

The separation of the two communication networks, pri-
mary and secondary, can be considered from a logic or physi-
cal viewpoint; in other words these two networks may or may
not be mterconnected. Each slave module controls the integ-
rity of 1ts measurements before transmitting the same via the
secondary network to the master module. In the first and third
environments, the bus B acts as data distribution bus via
messages, 1n the first and third message systems, not contain-
ing any addressee address.

For application to the supply of electricity to a motor drive
in an automotive vehicle, a battery pack consists of a maxi-
mum number m of 2 to 15 modules depending upon the
definition of the chosen message system. In one example of
embodiment, the packs consists of 9 or 10 modules with a
total maximum voltage of 360 or 400 V and a maximum
power 1n the beginning of use o1 72 or 80 kW. The modules of
architecture VE are electrically connected in series for accu-
mulation of umt voltages.

The third message system M3 1s provided on the module
ME to exchange messages on the commumnication bus B with
the elements of this third environment, and 1s called a cell
utilization message system. Each module receives an address
which determines its electric allocation. Therefore, the mas-
ter module ME1 has its negative pole 23 connected to the Zero
Volt of the pack, while the module MEn of highest rank has its
positive pole 24 connected to the positive voltage of the
battery pack. Internally, the master module ensures driving of
the internal heating, charging and discharging processes,
management of the different operating modes to the scale of
the pack, processing of external commands, of alerts and of
the safety aspect of pack functioning. The master module
ME1 also ensures global synchronization of the data sent by
the modules ME1-MEn on the bus B for best distribution of
network load and reliability of exchanges.

For a charging circuit with a single charger, the master
module ME1 drives the charger CHG by sending 1t setpoints
via the bus B. For a charging circuit with individual chargers
CHG associated with the modules ME, each module ME1 to

MEn drives its associated charger CHG1 to CHGn by sending
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it 1ts own setpoints via the bus B. The chargers(s) CHG
transform a setpoint read on the bus B into an output voltage
value on 1ts charge terminals.

Externally, the master module ME1 communicates with
the supervisor SVE. Exchanges of information between the
master module ME1 and the supervisor SVE comprise:

from the master module ME1 to the supervisor SVE: a

message describing the status of the battery and synthe-
s1s values, a message containing system alerts and asso-
ciated load shedding,

from the supervisor SVE to the master module ME1: a

common control and information message on the status
of the machine VE. This message will then be processed
by the master module MEL1.

Configuration of a Message System

In each module ME, the control unit 100 1s able to be
configured to operate with any one of the first cell character-
1zing message system, the second cell forming message sys-
tem and the third cell utilization message system. By default,
a module ME 1s configured as a matter of course 1n one of the
message systems e.g. the first. For example, to configure the
module ME for a message system, information on message
system configuration 1s sent to 1t from an external element,
which therefore has means to send said information on con-
figuration of the message system.

n the first environment, the PCMAP device sends informa-
tion for configuration of the first message system to the mod-
ule ME. When the modules ME are 1n the second environ-
ment, the configuration control unit COMFOR sends them
information for configuration of the second message system.
When the modules ME are in the third environment, the
PCMAP device sends mformation for configuration of the
third message system to the modules ME. In the remainder
hereot, these devices PCMAP and this configuration control
unit COMFOR are called configuring elements 1n the differ-
ent environments.

In the embodiment 1llustrated 1n the figures, the informa-
tion for configuration of the message system 1s conveyed to
unit 100 of the module ME by the communication bus B. In
non-illustrated embodiments, the information on configura-
tion of the message system 1s conveyed to the unmit 100 of the
module ME by communication means other than the bus B,
¢.g. by the series link mentioned above, the means for sending
information on configuration of the message system then
being connected to this other communications means of the
module ME.

The unit 100 of each module ME comprises means to
receive the mformation on configuration ol a message sys-
tem. When the information on message system configuration
1s recerved by unit 100 of the module ME, the unit 100 stores
this information in the permanent memory 32. The unit 100 of
cach module ME comprises means to poll the value of the
information on message system configuration present in the
permanent memory 32 and means for automatic selection of
the message system corresponding to the value indicated by
this information on message system configuration. This poll-
ing and this selection are performed for example whenever a
message 1s recetved by the unit 100 on the bus B.

The control unit 100 of each module ME therefore com-
prises means for automatic configuration of 1ts message pro-
cessing unit according to the message system corresponding
to the information on message system configuration present
in the memory. Therefore the message processing unit will
process the messages recerved or to be sent to the bus B as
messages belonging to the message system selected by the
information on message system configuration. As soon as
communication via the bus B 1s operational on the pack or
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module, the user has access by the configuring element to the
configuration functions of each module which are described
below 1n the example shown FIG. 5. In the configuring ele-
ment PCMAP or COMFOR, the configuration interface
requires the user to know the serial number of the boards of
the ME modules to be configured, which is the discriminating
clement between all the computers connected to the network
since 1t 1s written 1n the permanent memory during manufac-
ture of the board.

The user first selects the elements defining the network
architecture: number n of modules ME 1n the pack, identifier
of the chosen message system MES corresponding to the
information on message system configuration, speed VCAN
of the bus CAN, architecture CH of the charging circuit
between the modules ME and the charging entities thereof,
possibly being a single charger for all the modules or one
charger per module. Next, in the column NCAR the serial
number 1s entered opposite the pack address ADR of the
module ME, which kept i the pack (for example, address 1
for the first characterization architecture). Next, the sending
of the new configuration information 1s validated by pressing
validation key VAL. A configuration result column RES then
indicates whether the operation has or has not been success-
tul. The configuring element also comprises a configuration
verification function, to verity that the pack or module 1s in an
expected configuration by pressing on the configuration read
key LEC. The configuration result column RES then indicates
in response whether all the modules are 1n the configuration
displayed in the menu field defining the message system
MES.

FIG. 6 shows a variant of the configuration interface in
FIG. 5 using communication means other than the bus B, such
as a series link as mentioned above. A function VSER allows
configuration of the parameters of the series link, such as 1ts
speed 1n bauds. The write function ECR 1s used to write the
chosen configuration after selecting the address ADR of the
module ME, the identifier of the message system MES, the
speed VCAN, the number n of modules ME, the architecture
of the charging circuit CH. This function 1s valid irrespective
of the 1nitial configuration. The configuration read function
LEC allows reading of the corresponding values for ADR,
MES, VCAN, n, CH. An annex function VER also allows
reading of the version of software present in the modules ME.
First Message System for Cell Characterization

The first message system provides for exchanges of mes-
sages represented by the arrows 1n FIG. 7, namely:

between the device PCMAP and the charger CHG,

between the device PCMAP and the module ME,

between the device PCMAP and the interface IHM

between the module ME and the charger CHG

between the module ME and interface THM.

The information conveyed by these messages on the bus B
comprises one or other of the following for example:

L.L

Energy module
Receive:

Energy module
Transmut:

Commands
Battery parameters

Physical magnitudes
Converted gross values

Statuses Communication speed

Alerts Real parameters after calibration
Setpoint Charger statuses

Date
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-continued
Charger Charger
Transmit: Receive:
Statuses Setpoint
Alerts Test commands

Man-machine interface ITHM
Recelve:

Man-machine interface JIHM
Transmit:

Physical magnitudes
Alerts
Test commands

Commands
Test commands

PCMAP device PCMAP device
Transmit: Receive:
Commands Physical magnitudes

Test commands
Battery parameters

Converted gross values
Module statuses

Communication speed Charger statuses

Real parameters after calibration Module alerts
Charger alerts
Date

The physical magnitudes comprise mnstant measurements
taken on the module by the measuring units, which are sent by
the module to the PCMAP device: voltage of each cell, tem-
perature of the module, cell current (positive on charging,
negative on discharge), voltage of the module cells, and other
information which are sent by the module to the device
PCMAP and to the man-machine interface IHM: remaining
percentage capacity ol the module, power. The converted
gross values are computed and memorized on the module. For
their collection, the PCMAP device sends a request message
to the module, which replies with the value or the date of
acquisition of this value. These values may, for example,
comprise one or more of the following: internal resistances R
of the cells, voltage V corresponding to measurement of the
resistance R, of the cells.

The information on status transmitted by the module to the
PCMAP device or man-machine interface IHM may, for
example, comprise the fact that the module 1s oif, on stand-by,
in active mode, charging, discharging or other. The informa-
tion on status sent by the charger CHG to the PCMAP device
or man-machine interface IHM may, for example, comprise
the fact that the charger 1s ready to function, that the voltage
of the charger lies outside pre-determined tolerances, that the
voltage of the charger 1s limited, that the temperature of the
charger lies outside pre-determined tolerances. The com-
mands transmitted by the PCMAP device or man-machine
interface IHM may, for example, comprise a command to shut
down the module, a command to activate the module. The
commands transmitted by the PCMAP device may, for
example, comprise a command to disenable alerts of the
module, a command for module calibration.

The setpoint 1s a voltage setpoint for the charger, sent by the
module ME or the PCMAP device to the charger CHG. The
test commands comprise a test start command sent by the
PCMAP device to the man-machine interface IHM which
sends the PCMAP device a reply to this test command. The
battery parameters are requested by a request message sent by
the PCMAP device to the module ME, which sends back a
reply message containing the value of the parameter indicated
in the request message. These battery parameters comprise
the serial number for example of the module ME, the battery
capacity according to specifications, the temperature mea-
surement period, the voltage polling period.

The alerts comprise messages sent by the module ME to the
PCMAP device and to the man-machine interface IHM such
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as for example: a thermal runaway alert, heating anomaly
alert, faulty measurement alert of voltage or temperature,
deep discharge alert. The alerts also comprise a fault message
sent by the charger to all the other elements. The log of alerts
recorded by the module ME or the charger CHG can be
collected by the PCMAP device. To do so, the PCMAP device
sends the module ME or the charger CHG a request message
to read a determined alert from among those recorded. The
module or charger then sends back to the PCMAP device a
reply message containing the values of this alert specified in
the request message, each value being associated 1n the reply
message with information on the date of the alert, having been
recorded with the alert value.

The real parameters after calibration are the conversion
coellicients of the analog measuring circuits dedicated to the
measurement of voltage (cell, module) by unit 25, of current
by unit 28 and of temperature by units 26, 27. The measure-
ment circuit 1s synthesized by an affine-type law and uses two
coellicients: a multiplier gain and an additive constant. Ini-
tially, default coetfi

icients are provided which need to be
allined by a calibration phase performed during functional
factory testing. After calibration, the synthesis of the mea-
sured physical magnitudes 1s no longer made using the default
coellicients, but with the real coeflicients. These parameters
are stored in non-volatile memory, €.g. on the board at 32, and
are access-protected. The PCMAP device, on parameter-type
request, 1s capable of reading the same. These parameters
remain stored and can be used for the other message systems.
Second Message System for Cell Forming

The second message system comprises first messages
which contain data needed for forming and which are sent by

the modules ME and the chargers CHG, via the bus B, to the

master forming device FOR at the latter’s request using a
client/server mode. The occurrence of requests by the master
forming device FOR 1s pre-defined: either periodical or
event-related.

In the CANopen embodiment, these first forming mes-
sages are 1n SDO format (Service Data Object). The modules
ME and the chargers CHG act as SDO server, and the formmg
device FOR acts as SDO client. Exchange via SDO gives

access to all the objects of a dictionary. This dictionary 1s used
as interface between communication and application and
comprises the following fields:

index: number of the object 1n the dictionary. It gives write

and read access to the object.

name: usual name of the object or of the data 1tem,

unit: unit of magnitude 11 applicable,

coding: computer coding of the data item as per CANopen

standard,

sub-index: for complex data (grouping of data or aggre-

gates), this allows possible classification with and with-
out sub-index. For example, for an entity which can be
broken down 1nto sub-assemblies of same type:
Index: 2000
Name: Cell voltage
Sub-index 1: voltage cell 1
Sub-index 12: voltage cell 12.

An SDO message may for example comprise 7 octets of

data.

The second forming message system comprises second
automatic safety messages between elements ME, CHG
without any intervention by the master forming device FOR.
The second, safety messages are sent 1n real time asynchro-
nously and cyclically with the highest priority. The second,
safety messages comprise:
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a message MSG1 transmitted by the charger CHG to the
receive-associated module ME, transmitting 1ts status
and possible alert (fault) with recurrence of around one
second for example,

a message MSG2 transmitted by the module ME to the
receive-associated charger CHG, transmitting the
charge setpoint at a shorter recurrence than for messages
MSG1 and MSG3, e.g. around 150 milliseconds,

a message MSG3 transmitted by the module ME to the
forming device FOR, transmitting statuses and alerts of
the module ME with a recurrence of around one second
for example.

Once the module ME 1is 1n operational forming mode, 1t
verifies regular recerving of messages MSG1. If the module
ME detects a problem, indicated by absence of receipt of
messages MSG1 or by a message MSG1 indicating a voltage
or temperature of the charger CHG lying outside prescribed
tolerances or indicating an alert, the module ME takes up a
prescribed, sate fall-back position. Once the charger CHG 1s
in operational forming mode, 1t verifies regular receiving of
messages MSG2. If the charger CHG detects a problem,
indicated by absence of receipt of messages MSG2, the
charger CHG takes up a prescribed, safe fall-back position. In
the CANopen embodiment, these second safety messages are
in PDO format (Process Data Object). A PDO message may
comprise 8 octets of data for example.

Third Message System for Cell Utilization

This third message system provides for group messages
sent both to a module ME and to 1ts associated charger CHG.
For this purpose, n addresses are defined of groups ME1/
CHG1 where 1 lies between 1 and n. These group messages
may be write messages towards the modules and chargers.

A synchronization mechanism 1s used, driven by the mas-
ter module ME1, which prevents the modules and/or chargers
from transmitting the same data at the same time so as not to
overload the bus B at any one time. For this purpose, the
master module ME1 transmits a synchronization Iframe
towards the other elements. This particularly allows the
PCMAP device and the master module ME1 not to recerve a
large volume of information over a very short period, but
instead data that 1s uniformly distributed over time. This
synchronization frame 1s not provided 1n the first message
system 1n the first environment.

When the slave modules ME2 to MEn have received the
synchronization frame, they synchronize themselves there-
with so that each transmits 1ts data with a different delay over

the bus B, each 1n a module frame. This synchromzation

frame may be periodical for example of period T. The slave
modules ME1 each having a different address ADR1 where 1
lies between 1 and n, they transmit their data over the bus B
with a delay of R=k*ADR1 for example, where k 1s a time
constant. For example, 1n FI1G. 8, the slave modules ME1, with
1 lying between 1 and n, transmit their data over the bus B for
example with a delay of R=1*1", in which T" 1s a time constant
equal to T/n. For example, 1n FIG. 8 T=150 ms, n=15 and

=10 ms, 1n which the transmission time slots for data of
modules ME1 to ME15 are indicated by the dark boxes 1n a
diagonal line. Evidently, in other examples of embodiment, T
may be less than T/n.

The data concerned for transmission by the modules may
for example comprise:
the physical magnitudes (e.g. measurements)
the alerts,
t
t

ne statuses,
ne setpoint to charger.
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The same applies to the chargers CHG1 to CHGn, each trans-
mitting;:

the fault message of the charger CHG associated with the
module,

the status message of the charger CHG associated with the
module.

The master module MFE1 collects the data sent by the other
modules and chargers. In the event of absence of one of the
module frames, an alert 1s generated whose consequence 1s to
activate all alerts 1n the direction of the supervisor SVE and to
zero the maximum permitted discharge current and the maxi-
mum permitted cell regeneration current. The sending of the
other messages can be managed asynchronously. In the event
of absence of a synchronization frame, the modules ME and
chargers CHG transition to safe mode, in which the voltage
setpoint for the charger 1s set at a minimum value.

Communication between the master module ME1 and the
supervisor SVE, 1n addition to the messages of the first mes-
sage system, may for example comprise the following mes-
Sages:

a first message sent by the module ME1 to the supervisor
SVE giving the status, total voltage of the battery pack,
battery level (minimum of the levels of the modules),
maximum permitted discharge current value and maxi-
mum permitted cell regeneration current value (cell
regeneration occurring when the machine VE recharges
the cells),

a second message sent by the module ME1 to the supervi-
sor SVE, the second message sending one or more alerts,
such as a thermal alert (e.g. 1n the event of overstepping,
a pre-defined temperature), a critical voltage alert (e.g. 1f
the voltage of a cell lies outside prescribed tolerances), a
general alert (e.g. in the event of a faulty thermal fuse 35
on a module, or thermocouple failure of unit 26 or 27
measuring temperature on a module),

a third message sent by the module MFE1 to the supervisor
SVE, the third message sending the value of the current
supplied by or absorbed by the pack on terminals 23, 24
and/or the maximum temperature value of the pack,

a fourth message from the supervisor SVE to the module
MEI1, containing at least one of the following:
an alert acknowledgement
a consumption request (request for travel 1n applications

to the motor drive of an automotive vehicle). If any
one of the modules ME of the battery pack 1s on
stand-by or shut down, the recerving by module ME1
of the consumption request message causes the mod-
ule ME1 and the other modules ME of the pack to
change over to active mode. When the modules ME of
the pack have transitioned to active mode, the module
ME1 sends back a transition-to-active-mode message
to the supervisor SVE. It 1s only when the supervisor
SVE has recerved this message of transition to active
mode that the machine VE is authorized to operate
(1.e. to travel 1n application to the motor drive of a
motor vehicle).

a request to place the battery pack on standby. When the
master module ME receives a standby request, 1t re-
transmits the request to the other modules ME to
cause them to be placed on standby. The standby
mode of the battery pack 1s activated when all 1ts
modules ME are on standby.

a request to shut down the battery pack. When the master
module ME receives a shut-down request, 1t re-trans-
mits this request to the other modules ME to cause
them to shut down. The shut-down mode of the bat-
tery pack 1s caused by transitioning to shut-down of at

1

least one of 1its modules ME.
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In the first, second and third message systems, the mes-
sages comprises transmission priorities on the bus B. These
prioritiecs may have the decreasing order given below for
example, for the first, second and third message systems:

very high priority for the message transmitting information
onmessage system configuration sent by the configuring
element to the modules ME,

very high priornity for transmission ol a synchronization
frame sent by the master module ME1,

high priority for transmission by the modules ME of the
alerts, the physical magnitudes (e.g. measurements), the
setpoint to charger,

high priority for transmission by the charger of a fault
message or status message,

high priority for transmission of commands by the master
module MF1 to the slave modules,

medium priority for transmission by the modules ME of
converted gross values, statuses, parameters, dates of
alerts,

medium priority for transmission of other messages sent by
the PCMAP device,

low priority for transmission by the master module ME1 to
the supervisor SVE of the first, second and third mes-
sages 1ndicated above,

low priority for transmission by the supervisor SVE to the
master module ME1 of the fourth message indicated
above.

In the event of loss of connection of the network B, the
modules are placed 1n shut-down mode which 1s the safest
tall-back mode.

What 1s claimed 1s:

1. A battery module, comprising:

a plurality of rechargeable and dischargeable, electric

energy storage cells;

two external terminals for cell utilization;

a message communication infrastructure comprising at
least one commumnication access with the outside of the
module;

a module control unit, comprising a message processing,
unit, connected to the communication infrastructure to
send and receive messages over the communication
infrastructure;

wherein at least two of the message systems are chosen
from among;:

(a) a first message system for cell characterizations;
(b) a second message system for cell forming; and
(c) a third message system for utilization of a battery
pack comprising several modules connected via their
user terminals, when the pack 1s associated with a
consumer machine for the purpose of supplying it
with electric energy;
are provided 1n the message processing unit, which 1s config-
urable into any one of the message systems provided there-
upon for utilization of the communication infrastructure.

2. The battery module according to claim 1, wherein the
module control unit comprises:

means to receive information for message system configu-
ration;

a permanent memory to store the information on message
system configuration; and

automatic configuration means for configuring its message
processing unit as per the message system correspond-
ing to the information on message system configuration
present 1n the permanent memory.

3. The battery module according to claim 2, wherein the

automatic configuration means comprise means to poll the
value of the iformation on message system configuration
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present in the permanent memory and means for automatic
selection of the message system corresponding to the value
indicated by this information on message system configura-
tion.

4. The battery module according to claim 1, wherein the
communication infrastructure 1s of bus type, to allow connec-
tion of the external access to a communication bus.

5. The battery module according to claim 4, wherein the
first message system comprises means enabling utilization of
the module 1 a first material environment comprising the
tollowing elements connected via their message communica-
tion access to the communication bus: a device to download
message systems onto the module, comprising means to send
to the module the information on configuration of the mes-
sage processing unit of the module as per the first message
system, a charger connected to the module via a transport link
transporting charge electric current for the purpose of charg-
ing its cells with electric energy, a man-machine interface to
enable a user to send operating command messages to at least
one of the charger and to the module, and to receive from the
at least one of the charger and module the statuses thereof.

6. The battery module according to claim 1, further com-
prising a measuring unit to measure the voltage and current of
the cells and the temperature of the module, the control unit
being able to send the measurements over the communication
infrastructure by at least one measurement-sending message
provided 1n each message system.

7. The battery module according to claim 5, wherein the
message processing unit further comprises a receiver to
receive amessage Irom the downloading device, conveying at
least one calibration parameter for the measuring unit in the
second message system, and storage to store said calibration
parameter 1n a memory.

8. The battery module according to claim 1, wherein the
first message system 1s asynchronous.

9. The battery module according to claim 1, wherein the
communication infrastructure 1s of bus type, to allow connec-
tion of the external access to a communication bus, the second
message system comprises means enabling utilization of the
module 1n a second material environment for cell forming,
comprising the following elements connected via their mes-
sage communication access to the communication bus: a
plurality of modules whose user terminals are not connected
together, at least one charger connected to the modules via at
least one transport link for transporting charge electric current
for the purpose of charging their cells with electric energy and
able to be placed in charge-on status or charge-oil status, a
forming device to form the cells of the modules comprising a
discharge bank connected to the user terminals of the modules
and able to be placed 1n discharge-on status of the module
cells or discharge-oil status of the module cells, the forming
device comprising means to send a message of charge-on
command to the charger and of discharge-oif command to the
discharge bank and a message of charge-oif command to the
charger and of discharge-on command to the discharge bank.

10. The battery module according to claim 9, wherein the
message processing unit comprises means to produce at least
one message from among the following messages 1n the sec-
ond message system:

a message from the module to the associated charger car-

rying the charge setpoint to charge the module cells;

a message from the module to the forming device carrying

the statuses and alerts of the module;
the message processing unit further comprises means to
receive a status message sent by the charger to the module the
status message carrying the status of the charger and any
possible alert of the charger, to cause the module to transition




US 8,129,950 B2

19

to a sate fall-back position in the event of absence of the
charger status message or 1f the status message of the charger
indicates an alert or a voltage or temperature status lying

outside prescribed tolerances.

11. The battery module according to claim 1, wherein the
second message system 1s in CANopen format.

12. The battery module according to claim 1, wherein the
communication infrastructure 1s of bus type, to enable con-
nection of the external access to a communication bus, the
third message system comprises means allowing utilization
ol the module 1n a third material environment for cell utiliza-
tion comprising the following elements connected via their
message communication access to the communication bus: a
plurality of modules whose user terminals are connected
together, at least one charger connected to the modules via at
least one transport link transporting charge electric current for
the purpose of charging their cells with electric energy, a
supervisor of the consumer machine.

13. The battery module according to claim 1, wherein the
message processing unit further comprises means to produce
charge setpoints for 1ts cells, 1n the third message system,
intended for a charger.

14. The battery module according to claim 1, wherein 1n the
third message system, the module 1s able to be configured as
master module or as slave, the message processing unit of the
module 1s configured as master module comprising means to
send command messages to the other slave modules, and the
message processing umt of the module 1s configured as a
slave module further comprising means to carry out com-
mand messages from the master module.

15. The battery module according to claim 14, wherein the
module 1s master, the message processing unit further com-
prises means to produce at least one message from among the
following messages 1n the third message system:

a first message sent from the module to the supervisor
sending at least one of the data items from among the
status of the battery pack, the total voltage of the battery
pack, the level of the battery pack, a maximum permitted
discharge current and a maximum permitted cell regen-
eration current;

a second message for sending at least one alert from the
module to the supervisor; and

a third message for sending from the module to the super-
visor the value of the current supplied by or absorbed by
the pack and/or the value of the maximum temperature
of the pack.

16. The battery module according to claim 14, wherein the
module 1s master, the message processing unit further com-
prises 1n the third message system a means to recerve a fourth
message for sending from the supervisor to the module at
least one of the following:
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an alert acknowledgement;

a consumption request, causing transitioning of the pack
modules to active mode, and when the modules of the
pack have changed over to active mode, the sending by
the module of a transition-to-active-mode message to
the supervisor for authorizing functioning of the con-
sumer machine;

a request to place the modules of the battery pack on
standby; and

a request to shut down the modules of the battery pack.

17. The battery module according to claim 14, wherein the
module 1s master, and the message processing unit further
comprises means to transmit a synchronization frame for the
messages of the modules 1n the third message system.

18. The battery module according to claim 1, wherein the
communication infrastructure 1s of CAN bus type.

19. The battery module according to claim 1, wherein the
messages of the first, second and third message systems have
as order of priority for transmission on the bus:

very high priority for the message transmitting information
on message system configuration;

very high priority for transmission of a synchronization
frame by the master module;

high priority for transmission by the modules of alerts,
data, setpoint to the charger;

high priority for transmission by the charger of a fault
message or status message;

high priority for transmission of commands from the mas-
ter module to the slave modules:

low priority for transmission from the master module to the
supervisor of first second and third messages; and

low priority for transmission of the fourth message from
the supervisor to the master module.

20. A pack of several battery modules according to claim 1,
wherein the communication infrastructures of the modules
are connected to a communication bus for the transmission of
the messages.

21. The pack according to claim 20, wherein the user
terminals of the modules are electrically connected together
to utilize the battery pack, only one of the modules 1s config-
ured as master module, and the other modules are configured
as slave modules of this master module for the messages of
the third message system, so that the slave modules transmit
or receive their messages of the third message system via the
master module.

22. The pack according to claim 21, wherein each module
turther comprises means to produce data on the functioning
of the cells of the module, the master module further com-
prises means to transmit a synchronization frame on the bus
so that the modules transmit their data-carrying messages on
the bus at prescribed times different from each other.

G o e = x
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